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$6 On AIR PRODUCED by the 

No. V. 

Experiments on the Production of Air by the Freezing of 
Water. By Dr. Joseph Priestley. 

Rtad April TN 1 793, when I was in England, I publifhed 
ii, 1800. J_ a courfe of experiments on the generation of 
air from water, and after my arrival in this country, I 
refumed the experiments, and publifhed ^fequel to them. 
The refult of the whole was that, after all air had been 
extracted from any quantity of water, either by heating, 
or by taking off the preffure of the atmofphere, when 
ever any portion of it was converted into vapour, a 
bubble of permanent air was formed, and this was al- 
ways phlogifticated. The procefs with the Torricellian 
vacuum I continued fome years, and found the produc- 
tion of air equable to the laft. The neceffary inference 
from this experiment is, either that water is convertible 
into phlogifticated air, or that it contains more of this 
air intimately combined with it than can be extracted by 
thefe proceffes in any reafonable time. 

Finding that no air is contained in ice that is free from 
vifible bubbles, I thought to afcertain the truth of one 
or other of thefe hypothefes by expohng to froft a quan- 
tity of water from which I had, by repeated proceffes 
with the Torricellian vacuum, expelled all the air that I 
poffibly could ; thinking, that if it really contained no 
air, it would appear by the ice being perfectly folid ; fo 
that when it was melted no air would be got from it. 
This experiment I repeated feveral times, but always 
found that though the outfide of this ice was perfectly 
tranfparent, and free from air, the central parts were 
opaque ; and though there were no diftincl: air bubbles 
in it, yet when it was melted a great number of bubbles 
iffucd from it. The whole quantity, however, was not 
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greater than might have been produced from the fame 
water in the other proceffes in a reafonable time ; and in 
them the production of air had no limit. 

Difappointed in my expectations of getting by this 
means ice perfectly free from air, (which when a large 
quantity of water freezes very flowly it is eafy to do, 
the air contained in it retiring from that which is frozen 
to that which remains fluid) I difTolved ice that was per- 
fectly tranfparent, and therefore free from air, in veflels 
containing mercury, and expofed it to froft a fecond 
time. But 1 always found that when the whole of it 
was frozen, though the extreme parts were tranf- 
parent, and therefore free from air, the central parts 
were opaque, and when diflblved yielded air. And 
though I repeated this procefs ten or a dozen times with 
the fame water, always letting out the air that was pro- 
cured by freezing prefently after it was extricated under 
mercury, and before it could have been reabforbed, yet on 
expofing it to another freezing, I never failed to get more 
air ; and the harder the froft was the more air I procured. 

As there is an evaporation from ice, no lefs than from 
water, the interftices formed by the cryftallization of the 
water when it is converted into ice will foon be filled 
with vapour ; and this vapour, like that which is form- 
ed by heat, becomes, I fuppofe, the bafis of a quantity 
of air. Since, however, ice that is the moft tranfparent 
fwims in water, this alfo muft have interftices ; but they 
contain no air; being fuch as exift in the moft folid 
bodies, in which (gold itfelf not excepted) the com- 
ponent particles are not in perfect contact ; fince they are 
reduced into lefs dimenfions by cold. 

As the veflels I made ufe of in thefe experiments were 
either cylindrical jars, or conical wine glaffes, and con- 
fequently the bubbles of air procured by freezing were 
expofed to a confiderable furface of water, and would in 
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time (though not, I found, in the courfc of a day) have 
been ablbrbed by the water, now free from air, I pro- 
cured glafs veflels of a conical form, terminating in nar- 
row tubes, into which the air diflodged from the ice 
might afcend, and not be fubject to be abforbed. I was 
fo fortunate as to have feveral of fuch veflels, and they 
completely anfwered my purpofe for five or fix procefles. 
Thefe veflels were firft filled with mercury, and then I 
introduced into them a quantity of water freed from air 
by previous freezing ; and when, after expofure to froft, 
the ice was melted, the air diflodged from the ice afcend- 
ed into the narrow tubes, and remained without any 
fenfible diminution of bulk feveral days ; and every time 
that the water was expofed to the froft, an addition was 
made to it. At length, however, though the veflels were 
very ftrong, and contained much mercury, which by its 
tendency to defcend would give the water room to ex- 
pand with the lefs danger of breaking the veflel, none of 
them ferved for more than the number of procefles above- 
mentioned. 

After the breaking of my glafs veflels, I got other cy- 
lindrical ones made of iron, feven or eight inches in 
height, and near three inches wide at the bottom, the 
upper orifice clofed with a cork and cement, in the centre 
of which was a glafs tube, the diameter of which was 
about a fifth of an inch. And as the glafs tube was in 
the greateft danger of breaking by the freezing of the 
water, and this had happened feveral times before, not- 
withftanding all my care to guard it from the froft, I now 
made ufe of fnow and fait, to freeze the water in the 
iron veflel only, placed in a veflel of mercury, having 
been previoufly filled as the glafs veflels had been. 

The water on which I now operated was about three 
ounces, and it had been made as free as poflible from air 
by previous freezing. With this apparatus I repeated 

the 
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the procefs of freezing nine times, without changing the 
water, and the laft portion of air that I procured in this 
manner was as great as any of the preceding ; fo that 
there remained no reafonable doubt, but that air might 
be produced from the fame water in this manner ad libitum. 
Having got near two inches of air in the glafs tube, 
I put an end to the experiment j and examining the air, 
found it to be wholly phlogxfticatedi, not being affected 
by nitrous air, and having nothing inflammable in it. 

During the procefs of freezing the air in the tube was 
generally comprefled into about one-fifth of its ufual 
bulk ; but, when 1 began to thaw the ice, which I did 
by means of hot water in the place of the freezing mix- 
ture, it foon expanded to its former dimenfions, and no 
fenfible portion of it was abforbed during the whole pro- 
cefs, which was about a week. Sometimes the violence 
of the preflure, occafioned by the expanfion of the water 
in freezing, would force a little water out of the vefTel 
between the cork and the glafs tube, or the iron vefTel, 
which prefently became ice. This I always carefully re- 
moved, and applied frefh cement to the place, to prevent 
the introdu&ion of any air from without before I began 
to melt the ice. And that no external air had entered, 
was evident both from the manner in which the air was 
produced as the water recovered its fluidity, and from 
the quality of it when examined after the procefs. 

In the courfe of the experiments with the glafs veflels 
a phenomenon occurred that was wholly unexpected by 
me, and which was very amufing. Having left the 
veflels filled partly with water and partly with mercury 
in the evening, I generally found them in the morning 
feemingly quite full of mercury, every part of the ice 
within the vefTel being covered with it. This mufl? have 
been occafioned by a vacuum having been formed be- 
tween the glafs and the ice, and into this the mercury 

had 
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had been drawn up on the principle of the capillary tube. 
When this was not the cafe, the interfaces of the ice 
towards the centre were filled with thin laminae of mer- 
cury, which alfo exhibited a curious appearance. 

Sometimes, when there was no mercury between the 
glafs and the ice, an interftice was made between them 
when they were placed within the influence of the fire. 
In thefe circumftances I have feen the mercury drawn 
up to the height of feveral inches. As this fpace was 
enlarged by the increafe of the heat, the laminae of mer- 
cury were contracted, till coming into the form of balls, 
too heavy to be fupported, they fell down to the mafs of 
mercury in the bafon. 

The moft natural inference from thefe experiments is 
that water y when reduced by any means to the ftate of 
vapour, is in part converted into phlogifticated air ; and 
that this is one of the methods provided by nature for 
keeping up the equilibrium of this conftituent part of the 
atmofphere ; as the influence of light on growing vege- 
tables is the means of recruiting that other part of it ; 
and both of them are fubjecT: to abforption and diminu- 
tion in feveral natural proceffes. Inflammable air I have 
alfo fhewn to be convertible into phlogifticated air ; and 
this is another means of fupplying the atmofphere with 
this ingredient in its composition. 

That water contains phlogifton I have fhewn to be 
probable from feveral confiderations, efpecially that of its 
refembling metals in their property of being conductors 
of electricity, for thefe fubftances certainly contain phlo- 
gifton, if there be any fuch thing. Mercury alfo be- 
comes fuper-phlogifticated by agitation in water, and 
this without limit, and without changing either the 
water or the mercury ; and the remaining water contains 
no more oxygen than before, for the air expelled from 
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it is not more pure but confiderably lefs fo, and it is per- 
fectly free from acidity, 

I would farther obferve that thefe experiments, which 
prove the converfion of water into phlogifticated air, are 
inconfiftent with the antiphlogiftic theory, which makes 
water refolvable into dephlogifticated and inflammable 
air ; but that they are highly favourable to the hypothefis 
of water being the bafis of every kind of air, the differ- 
ence between them depending upon the addition of fome 
principles which we are not able to afcertain by weight. 
Alfo, if any fpecies of air be entitled to the appellation 
of hydrogen, it is phlogifton, and not inflammable air. 
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